Introduction
The tribe Crotoneae Dumort. was recently redefined by Berry et al. (2005a) based on phylogenetic studies. According to their results, the circumscription of the tribe includes seven genera (Acidocroton Griseb., Ophellantha Standl., Sagotia Baill., Sandwithia Lanj., Brasiliocroton P.E.Berry & Cordeiro, Astraea Klotzsch and Croton L.), among which Croton stands out as one of the largest Angiosperm genera (Frodin 2004; Govaerts et al. 2000; van Ee et al. 2011 ) with 1200 species distributed in tropics and subtropics worldwide. In comparison, the other six genera in the tribe are relatively poor in species, ranging from two to about 15 species, and are all restricted to the Neotropics.
There is no known morphological synapomorphy that diagnoses the Crotoneae clade, so the tribe is mostly defined by molecular characters (Berry et al. 2005a; Wurdack et al. 2005 ) and its geographic range, with all its lineages likely originating in the Neotropics according to the current phylogenetic hypothesis, and only Croton reaching further to the Old World (Berry et al. 2005a; van Ee et al. 2011) .
A recent account of Euphorbiaceae for the Brazilian Flora (Flora do Brasil 2020 in construction) recognized three genera (Astraea, Brasiliocroton, and Croton) and 61 species of tribe Crotoneae for the Atlantic Rain Forest (ARF) domain. Astraea is a genus with about 13 species of subshrubs and shrubs, occurring in open vegetation or forest edges in South America and mainly in Brazil (Caruzo et al. 2014) . Brasiliocroton includes only two arborescent species, both endemic to Brazil (Berry et al. 2005b; Abstract We conducted fieldwork and herbarium research to investigate the morphological diversity, taxonomy, and geographic distribution of arborescent lineages of tribe Crotoneae (Euphorbiaceae) in the Brazilian Atlantic Rain Forest domain, a neotropical region considered one of the world's hot spots of biodiversity. We found that arborescent lineages of Crotoneae are represented in the Atlantic Rain Forest by two genera (Croton and Brasiliocroton) and 23 species. Of this total, 70% of the species are endemic to the Atlantic Rain Forest. The genus Brasiliocroton, which is endemic to Brazil, includes two species, and Croton is represented by 21 species. We provide identification keys, update morphological description of key characters, include pertinent taxonomic comments, and illustrate most of the studied species with live photographs to facilitate taxonomic identification. The conservation status of each species is also evaluated. We establish five new synonyms, one superfluous name, and nine lectotypifications. et al. 2014) . Finally, Croton, the second largest genus of Euphorbiaceae, is also the most diverse genus of that family in the Brazilian flora (BFG 2015) . Research on Brazilian Euphorbiaceae has been very active recently thanks to the Flora of Brazil initiative and other regional floristic projects (e.g., Caruzo and Cordeiro 2007; Secco et al. 2012a, b; Santos and Caruzo 2015; Silva et al. 2014a; Crepaldi et al. 2016; Medeiros et al. 2016; Viana et al. 2016) , and recognition of new Euphorbiaceae species continues, with around 70 new species occurring in Brazil having been described in the last decade (e.g., Caruzo et al. 2008 Caruzo et al. , 2010 Caruzo et al. , 2016 Cordeiro et al. 2008; Lima and Pirani 2008; Secco 2009; Secco and Berry 2010; Carneiro-Torres et al. 2011; Secco et al. 2012a, b; Silva et al. 2014b) .
The shrubby habit is the most common growth form found in tribe Crotoneae, and it has apparently evolved independently in Croton multiple times (Arevalo et al. 2017) . However, in the case of the Brazilian Amazonian and ARF domains, tree species are significant components of the total diversity of Crotoneae in these domains ( Fig. 1 ). This is not surprising, as different forest formations cover most of the extension of these phytogeographic regions. Given the importance of trees in the ARF and the need to provide updated species treatments for the ongoing Flora of Brazil project (Flora do Brasil 2020 in construction), we set to update our knowledge about the diversity and distribution of arborescent species of tribe Crotoneae in that domain. We aimed to detect new records of species occurrence, establish new synonyms and provide lectotypifications when necessary. We built keys, comparative tables for distinguishing similar species, and illustrated most species using field photographs to facilitate taxonomic identification. Pertinent comments on species with problematic taxonomy are also provided. Finally, we updated taxon geographic ranges and evaluated the conservation status of each species.
Materials and methods
In the context of this work, a tree is defined as a woody plant 5 m tall or higher, with a single trunk (DBH > 10 cm) up to the base of its crown (Font Quer 1977) . The definition of Atlantic Rain Forest (ARF) used in this study is that of Oliveira-Filho and Fontes (2000) , which encompasses all different forest physiognomies that occur from the east of the dry corridor from northeastern to southern Brazil (states of Alagoas, Bahia, Ceará, Espírito Santo, Goiás, Mato Grosso do Sul, Minas Gerais, Paraíba, Paraná, Pernambuco, Piauí, Rio de Janeiro, Rio Grande do Norte, Rio Grande do Sul, Santa Catarina, São Paulo and Sergipe), east Paraguay and northeastern Argentina, including the "brejos nordestinos" and "Araucaria Forest" (Fig. 2) .
Our data come from field observations and analysis of about 2000 collections (Online Resource 1) deposited in the following herbaria: ALCB, ASE, BHCB, CEPEC, CVRD, ESA, HUEFS, HUEM, HUPG, HESC, IPA, MAC, MBM, MBML, PEUFR, R, RB, SJRP, SP, SPF, SPSF, UEC, UFP, VIES (abbreviations according to Thiers 2016). Type specimens were analyzed through images available at the JSTOR Global Plants website (http://plants.jstor. org/). Data from additional specimens photographs taken in several herbaria outside of Brazil (A, BR, C, DAV, F, G, G-DC, GH, K, MA, MO, MPU, NY, P, R, S, US, W, WIS, WU) were also taken into account.
For each taxon, we include a brief morphological description using characters that give the overall aspect of the plant as well as useful diagnostic characters. Most morphological terms used in descriptions follow Hickey (1973) , Radford et al. (1974) , Vitarelli et al. (2015) , and Webster et al. (1996) . Trichome terminology follows Webster et al. (1996) with some modification according to recent morpho-anatomical studies in Crotoneae Vitarelli et al. 2016) . Useful characters Under each accepted name, only new synonyms are listed. The establishment of new synonyms was based on the analysis of original descriptions, type collections, and direct observations of populations in or near type localities. Phenology information was sourced from the available herbarium specimens. The assessment of conservation status was carried out according to the IUCN Red List Categories and Criteria (2012).
Results and discussion
The ARF presents 23 arborescent species of tribe Crotoneae, which belong to two genera: Brasiliocroton, with two species (B. mamoninha and B. muricatus), and Croton, with 21 species distributed among seven different Croton sections (Table 1 ) according to the current infrageneric classification of the genus (van Ee et al. 2011) . The richest sections in the ARF are sect. Cyclostigma (9 spp.) and sect. Cleodora (5 spp.), whereas the small sect. Prisci and sect. Quadrilobi are endemic to this domain. Croton oliganthus, a rare and poorly known taxon, is the only tree species of Croton occurring in the ARF that was listed among the unplaced taxa in the van Ee et al. (2011) classification scheme. Here we propose its tentative placement, based on morphological data, in Croton sect. Quadrilobi (see discussion under C. oliganthus in the taxonomic treatment). Below we present a detailed account of each species and further discuss individual cases with problematic taxonomy. The genus description of Brasiliocroton has not (Olson et al. 2001) been updated since the publication of its second species, so we include a revised description below.
Taxonomic treatment
Key to the genera of the tribe Crotoneae with arborescent species in the Atlantic Rain Forest Brasiliocroton is sister to Croton (Wurdack et al. 2005; Berry et al. 2005a; Riina et al. 2014) , and the two genera share characters such as stellate/dendritic trichomes and petiolar glands (Riina et al. 2014 ). However, they can be easily distinguished by inflorescence type (ramified in Brasiliocroton vs. not ramified in Croton), position of pistillate flowers (distal cymules in Brasiliocroton vs. proximal (Fig. 3d-g ).
Vernacular names: Barba-de-bode, velame, and mamona-da-mata.
Trees 5-20 m tall; branchlets striate; pubescent or glabrous, trichomes stellate. Leaves with margin entire, crenate or serrate, slightly revolute; glands 2(-4), acropetiolar, sessile or shortly stipitate, patelliform; petioles striate. Inflorescences unisexual, rarely bisexual, axillary. Staminate flowers with apex of sepals cuneate; petals oblong; stamens 20 (-24) . Pistillate flowers with free sepals, apex of sepals cuneate; petals absent; ovary covered by stellate trichomes. Capsules muricate; seeds oblong, striate.
Phenology: Flowering in September-November; fruiting in February.
Habitats:
The species occurs at the edges of moist forests, seasonally dry forests and secondary forests, at 200-800 m elevation.
Distribution: Brasiliocroton muricatus occurs in Brazil (Bahia, Minas Gerais and Espirito Santo), exclusively in the ARF. genera in number of arborescent species in this domain. Altogether, these 30 genera represent about 40% of all the tree species diversity in the ARF domain. Croton, with 21 species of trees in the ARF, is outnumbered in this region by much richer genera such as Eugenia (222 spp.), Myrcia (170 spp.), Ocotea (104 spp.), and Miconia (100 spp.).
Many Croton species are used in traditional medicine in Brazil and around the world due to their richness in constituents with biological activities (Salatino et al. 2007) . Some tree species occurring in the ARF are commonly used for forest restoration in Brazil (e.g., C. floribundus Spreng., C. piptocalyx Müll.Arg., C. salutaris Casar. and C. urucurana Baill.). Phenology: Flowering from January to December; fruiting in December-March and September.
Key to the arborescent species of
Habitats: It occurs in montane wet forest and riparian forest, at 800-1900 m elevation.
Distribution: Croton alchorneicarpus is endemic to the "Serra da Mantiqueira" in southeastern Brazil (Minas Gerais, Rio de Janeiro and São Paulo) and is very common in this region. Notes: Croton alchorneicarpus is morphologically most similar to C. celtidifolius Baill., as observed by Croizat (1944) and Caruzo (2005) . However, both species can be distinguished by a suite of characters (Table 2) . Phenology: Flowering from January to May, September, November, and December; fruiting from March to December.
Croton campanulatus
Habitats: It occurs in montane wet forest between 900 and 1500 m elevation.
Distribution: Croton campanulatus is endemic to the Itatiaia massif in "Serra da Mantiqueira" (Rio de Janeiro and Minas Gerais). Notes: According to Caruzo et al. (2008) and Caruzo and Cordeiro (2013) Phenology: Flowering and fruiting from October to May.
Habitats:
The species occurs in montane and mixed wet forest, seasonally dry forest, and riparian forest, at 350-1220 m elevation. Conservation status: Croton celtidifolius can be considered as Least Concern (LC) because it is relatively widespread and very common in its area of occurrence.
Notes: Croton celtidifolius is morphologically most similar to C. alchoneicarpus and C. vulnerarius, buf it differs from the last two species in several features (Table 2) . Smith et al. (1988) C 10011167!, F 0056120F!, F 0093628F!, P 00623148!, S 07-12794!, S 07-12795!, S 07-12796!, S 07-12797!, US 00902151!, US 00902150!) (Fig. 6a-d) . Notes: Croton eichleri is morphologically most similar to C. priscus, but both species can be separated by several features (Table 3) . Habitats: The species occurs in seasonally dry forest, at 60-1000 m elevation. 
Croton floribundus

R.P. da Silva and E. Zardini 2192 (SPF).
Conservation status: Croton gracilipes can be categorized as Least Concern (LC) because of its wide extent of occurrence with numerous locality records.
Notes: Croton gracilipes differs from other arborescent
Croton from the ARF by the petals reduced to conspicuous globose glands in the pistillate flowers, often visible to the naked eye. The species is vegetatively very similar to C. urucurana, differing from it by stipule morphology (stipule ca. 5 mm long, with a broad foliaceous base and filiform apex in C. urucurana vs. ca. 1 mm long and filiform in C. gracilipes) and the conspicuous 3-lobed apex of the columella, which is absent in C. urucurana. Caruzo and Cordeiro (2007) designated a lectotype for Croton gracilipes but they did not select one of the two herbarium sheets deposited at P as the actual lectotype. Therefore, we indicate here a single sheet and designate a second-step lectotype for this name. Caruzo and Cordeiro (2007) , second-step lectotype designated here: S07-12788!; isolectotypes: A 00257935!, BR 0000008768551!, BR 0000008766168!, BR 0000008766045!, BR 0000008762078!, C 10011173!, C 10011174!, F!, G!, GH!, K 000186074!, M 0089104!, NY!, P 00623559!, P 00623560!, P 00623561!, R 000100780!, R 000100780a!, S-R-10525! US!, WU!); s.loc., 1845, J.F. Widgrem 339 (syntypes: A!, BR 0000008768803!, GH 00047313!) (Fig. 7e-h 
Croton hemiargyreus
campanulatus).
We selected a single herbarium sheet and designated the second-step lectotype for this name, as in Croton gracilipes (see comments under C. gracilipes). Habitats: The species occurs in wet forest, at 50-1100 m elevation.
Croton macrobothrys
Distribution: Croton macrobothrys is endemic to the Brazilian ARF, and it occurs in the states of Paraná and Santa Catarina, São Paulo, Rio de Janeiro, Minas Gerais, Bahia, and Alagoas.
Notes: Croton macrobothrys is morphologically most similar to C. oliganthus, but both species can be distinguished by diferences in stipules (linear to lanceolate in C. macrobothrys vs. subulate in C. oliganthus), leaf margin (entire to irregularly serrate in C. macrobothrys vs. crenate in C. oliganthus), size of petioles (2-7 cm long in C. macrobothrys vs. 0.6-0.8 cm long in C. oliganthus) and number of stamens (ca. 30 in C. macrobothrys vs. ca. 11 in C. oliganthus).
Some traits (e.g., leaf margin and petiolar glands) vary considerably within Croton macrobothrys. Besides its high morphological variability, a geographic discontinuity in its distribution was recently discovered and two subspecies are currently recognized .
Croton macrobothrys subsp. macrobothrys (Fig. 8a-g ).
Leaves ovate-lanceolate; adaxial surface glabrate, glabrescent to sparsely pubescent, abaxial surface glabrate to glabrescent; margin irregularly serrate; 1 pair of stipitate patelliform acropetiolar glands. Pistillate flowers with calyx lobes spatulate or obovate; styles usually slightly united at the base.
Phenology:
Flowering from September to December; fruiting from October to May.
Habitats: Croton macrobothrys subsp. macrobothrys is found typically in edge of montane wet forest, at 50-1100 m elevation. (Fig. 8h-m) .
Leaves ovate; adaxial surface glabrate to glabrescent, abaxial surface lepidote to sparsely lepidote, sometimes with brownish trichomes; margin entire; 1 pair of sessile patelliform acropetiolar glands. Pistillate flowers with calyx lobes ovate; styles free from the base.
Flowering from October to December and May; fruiting from January to May.
Habitats: It occurs at edges of wet forest, at 100-1000 m elevation. Trees up to 8 m tall; trichomes on young branches appressed-stellate to stellate-lepidote. Leaves obovate-lanceolate to narrowly elliptic, base sometimes asymmetric, shortly petiolate; adaxial and abaxial surface glabrescent; Fig. 8 Croton macrobothrys subsp. macrobothrys a red latex from cuts on the trunk, b leaf abaxial surface, c stipitate petiolar glands, d pistillate flower, e detail of pistillate flower showing reduced petals, f detail of the inflorescence with young fruits, g staminate flower. Croton macrobothrys subsp. septentrionalis h petiolar glands, i adaxial and abaxial leaf surface, j branchlet showing reddish latex, k detail of inflorescence showing staminate flowers, l detail of inflorescence showing pistillate flower and flower buds, m young fruit with persistent styles, n detail of inflorescence showing young fruit and staminate flowers. a-n by R.F. Santos ◂ margin entire to sinuous; glands 2, acropetiolar, shortly stipitate, patelliform; stipules subulate. Inflorescences terminal, lax, proximal cymules bisexual. Staminate flowers rotate; stamens ca. 11. Pistillate flowers rotate, pedicellate, valvate, calyx lobes ovate-triangular, margin slightly revolute; styles with 6 terminal tips, united at the base. Capsules elliptic, smooth; seeds oblong, smooth. Conservation status: Croton oliganthus can be categorized as Data Deficient (DD) due to the few collections known to date.
Distribution
Notes:
The species can be considered the most poorly known arborescent Croton species in the ARF. There are only four collections of this taxon available in herbaria, which hinder a deeper understanding of its morphological variation. Croton oliganthus can be distinguished from the other species treated here by its shortly petiolate and obovate-lanceolate to narrowly elliptic leaves, sometimes with asymmetric base, and its inflorescences with bisexual proximal cymules, whereas the distal ones are unisexual (staminate) and apparently unifloral. In some specimens (e.g., Amorim et al. 8223) petiolar glands were observed only in a few leaves so it is possible that those glands are caducous.
Croton oliganthus is morphologically most similar to C. macrobothrys, mainly due to the leaf indument and fruit shape. However, both species can be distinguished by several features as shown in Table 4 .
As the types of Croton oliganthus (Sellow s.n.) are incomplete specimens because they lack reproductive structures, we choose an epitype with reproductive structures to better represent the species.
Croton oliganthus is here tentatively included in Croton sect. Quadrilobi Müll.Arg. in virtue of its appressedstellate to stellate-lepidote trichomes, acropetiolar glands, leaf margin entire to sinuous, inflorescences terminal, low number of stamens (ca. 11), valvate pistillate flowers, and styles with 6 terminal tips (bifid). (Fig. 10a-d) .
Croton organensis
Trees up to 15 m tall; latex clear; trichomes on young branches simple, stellate to dendritic; young branches strongly flattened. Leaves ovate-lanceolate to elliptic; adaxial surface sparsely pubescent, abaxial surface pubescent; margin irregularly serrate; glands 2, basilaminar, sessile, maculate and inconspicuous; stipules filiform. Inflorescences terminal, lax, axis flattened, proximal cymules bisexual. Staminate flowers subcampanulate, pedicellate, calyx lobes rhomboidal; stamens ca. 15. Pistillate flowers flask-shaped, pedicellate, calyx lobes imbricate, united at the base, rhomboidal; petals absent; styles multifid, with ca. 24 terminal tips, united at the base. Capsules ellipsoid, smooth; seeds subglobose, ribbed.
Phenology: Flowering from October to January, May and July; fruiting in November, December, February, May and July.
Habitats: Croton organensis is found in edges of wet forests. Conservation status: Croton organensis can be categorized as Least Concern (LC) because it is relatively widely distributed and very common in its area of Conservation status: Croton piptocalyx can be categorized as Least Concern (LC) because it is relatively broadly distributed and very common in its area of occurrence.
Notes: Croton piptocalyx can be easily recognized in the field by the strong orange coloration of its petiolar glands and nectary disk of both staminate and pistillate flowers (Caruzo 2005) . Müller Argoviensis (1873) mentioned in the protologue of C. piptocalyx the presence of an additional splitting at the apex of styles (i.e., twice-bifid styles). However, this feature was rarely observed among the specimens analized.
Some collections of Croton piptocalyx have been erroneously identified as C. priscus, but the two species can be easily distinguished by several reproductive and floral characters (Table 5) .
We selected a single herbarium sheet deposited at the University of Copenhagen herbarium (C) to designate the second-step lectotype for this name, for the same reasons given in the case of Croton gracilipes (see comments under C. gracilipes). Croizat, Darwiniana 6: 454. 1944 (Fig. 10i-j Conservation status: Croton priscus can be categorized as Endangered (EN B2ab[iii] ) because it has been collected in fewer than 5 locations and its geographic range is smaller than 500 km 2 .
Croton priscus
Notes: Sterile specimens of Croton priscus and Alchornea glandulosa Poepp. could be confused because their leaves are morphologically similar and the two species occur in sympatry (Caruzo 2005) . Another species similar to Croton priscus is C. piptocalyx, but they can be distinguished by several morphological features (Table 5) . Phenology: Flowering from August to September and December to January; fruiting in May, July, August, and December.
Croton pseudopopulus
Habitats: According to , Croton sapiifolius was known to occur only in wet and seasonally forest of southern Bahia. However, recently, a specimen of this species was found in "restingas" forests of Espirito Santo state .
Distribution: Croton sapiifolius is endemic species from the ARF, occurring at 100-200 m elevation. Phenology: Flowering and fruiting throughout the year.
Habitats: The species is found at the edges of seasonally dry forests and riparian forests, at 300-1300 m elevation.
Distribution: Croton urucurana is widely distributed in southern South America. It occurs in Argentina (Missiones), Paraguay (Amambay) and Brazil (Acre, Amazonas, Bahia, Distrito Federal, Espirito Santo, Goiás, Maranhão, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Of the 23 tree species we recognize (two species of Brasiliocroton and 21 of Croton), about 70% are endemic to the ARF domain, three species are endangered, and a group of nine species are considered vulnerable. This study provides updated information on taxonomy and species ranges that will be useful for future studies and decision-making related to the conservation of the plant diversity of this highly threatened neotropical region.
